Background. We have undertaken a cross-sectional study that investigates the association between bacterial vaginosis (BV) and sexual practices in sexually experienced and inexperienced women.
ments, no causative agent(s) has been conclusively identified, and it has not been established whether BV is sexually transmitted. In the absence of a clear etiology, it is difficult to investigate the sexual transmission hypothesis; however, understanding the contribution of sexual activity to BV pathogenesis is integral to improve the management and prevention of BV and to reduce associated complications.
Observational evidence increasingly supports sexual transmission of BV [2] [3] [4] [5] [6] . BV is most prevalent in populations with high rates of sexually transmitted infections (STIs) and is associated with risk behaviors that typically characterize STIs: new or multiple sexual partners, young age of sexual debut, and lack of condom use [4] . However, there is also evidence that refutes sexual transmission of BV. Studies have indicated that male partner treatment fails to reduce BV recurrence in women [7] [8] [9] [10] [11] [12] , and some studies have identified BV in "virginal" women (defined as women who do not report a history of penile-vaginal sex) [13, 14] . These studies have contributed to the widely held belief among clinicians and researchers that BV is not an STI.
We conducted a study involving Australian female university students to investigate the hypothesis that BV is an STI. The aim of this study was to examine the association between sexual practices and prevalent BV in young women early in their sexual histories and to determine whether BV could be detected in truly sexually inexperienced women. An important limitation of the few published studies that identified BV in virgins is that they obtained data only on penile-vaginal sex. Because there is evidence that some sexually transmitted diseases (STDs), such as human papilloma virus (HPV) and herpes simplex virus (HSV), can be transmitted to the vulvovagina through noncoital practices in women prior to coitarche [15] [16] [17] , it is important to consider the possibility that BV, if sexually transmitted, could also be acquired through a range of sexual practices. To our knowledge, this is the first study to examine BV prevalence and its association with a broad range of noncoital and coital practices in both sexually inexperienced and experienced young women.
MATERIALS AND METHODS

Study population and recruitment methods.
Women aged 17-21 years who were attending the University of Melbourne from March through July 2008 were eligible to enroll in a crosssectional survey, the female university student study (FUSS). Announcements were placed in the university orientation handbook and on posters throughout the university. Interested women were directed to the study's Web site (http:// www.mshc.org.au/fuss/), which described the study in detail and listed investigators' contact information. Investigators provided a detailed explanation of the study upon request, and a record was kept of all individuals who contacted investigators; women who were not fluent in English were ineligible. A study kit that contained information and consent forms, a coded 10-page questionnaire, instructions for self-collecting a vaginal sample, a dacron swab, a glass slide, and a postage-paid envelope was mailed to participants.
Clinical methods. The questionnaire recorded demographic data, medical characteristics, and information regarding sexual partnerships and specific behavioral practices. Participants were given the option of completing an online or paper version of the questionnaire. The online version could only be accessed by the participant with a personalized code; each question had to be completed before progressing through the questionnaire to prevent missing data. Study investigators have considerable experience in the development and implementation of computerassisted sexual history taking [18, 19] .
Participants were given instructions about self-collection of vaginal smears in the form of a color diagram and clearly written instructions. This procedure had previously been used by the investigators in other studies [3, 20] . Vaginal swab selfcollection and self-smear for the diagnosis of BV have been shown to be equivalent to practitioner-collected samples in published studies [21] [22] [23] .
Participants received a USD $20 gift voucher. The Human Research and Ethics Committee of The University of Melbourne approved the study.
Laboratory methods. Gram-stained high vaginal smears were scored by an experienced microscopist using the Nugent method; the microscopist had no access to the behavioral data. A Nugent score (NS) of 0-3 was graded as normal flora, 4-6 was graded as intermediate flora, and 7-10 was graded as BV. Ten percent of slides were reread by a second independent microscopist, who was blind to the original results. When scores differed by 12 or otherwise resulted in a change in Nugent category (eg, from intermediate to BV), a third microscopist, blind to the other 2 readings, read the slide. At the completion of the study a meeting was arranged between the 3 microscopists to reach final consensus on any discrepant readings.
Participants with a NS of 7-10 were contacted and reviewed by a physician at Melbourne Sexual Health Centre, where BV was confirmed by repeat NS; they were offered treatment and STI testing where clinically indicated.
Statistical analysis. Data were analyzed with SPSS software (version 15.0; SPSS) and STATA software (version 10; StataCorp). The primary analysis compared characteristics of participants with a NS of 7-10 (BV) to those of participants with an NS of 0-3 (normal flora). Supplementary analyses were conducted that compared the characteristics of participants with an NS of 7-10 (BV) to those of participants with an NS of 0-6 (normal and intermediate flora), and comparing the characteristics of participants with an NS of 4-10 (abnormal flora) to those with an NS of 0-3 (normal flora). Proportions and correlations between categorical variables were examined by using x 2 tests or Fisher exact test where appropriate. Crude odds ratios (CORs) with 95% confidence intervals (95% CIs) were calculated to examine univariate behavioral associations between participants with BV and normal flora and for the other 2 comparisons outlined above. Logistic regression was used to determine adjusted estimates of risk for BV (adjusted odds ratios [AORs]). Variables included in the multivariable model were those that were statistically significant on the univariate analysis ( ) and those considered to be associated P ! .05 with BV on the basis of published literature. The number of variables entered into the final model was restricted in proportion to the number of cases of BV to ensure validity of the model. An alternative adjusted analysis was also performed in which all the behavioral variables examined were adjusted by the variable most strongly associated with BV to further examine the associations between specific behavioral practices and BV.
With 25 women with BV (NS, 7-10) and 449 with normal flora (NS, 0-3), the study had 80% power to detect an OR у3.5 for a risk factor that was present in 25% of women with normal flora.
RESULTS
Demographic and behavioral characteristics of the study population. Of the 559 women who contacted investigators to express interest in the study, 540 (97%) participated. Two hundred and twenty-two participants (41%) completed the online questionnaire, and 318 participants (59%) filled out the paper version; 92% of participants completed all questions. Missing data occurred in only the paper-based questionnaires; all missing data were limited to failure to answer occasional questions and amounted to !5% missing data per questionnaire in all cases. Demographic characteristics and behaviors of participants who completed the online questionnaire did not differ from those of women who completed the paper version. No demographic or behavioral information was available for individuals (3%) who declined to participate. The demographic and behavioral characteristics of participants are described in Table 1 . The median age of participants was 19 years (range, 17-22 years). Participants' ethnic backgrounds were diverse, with the most frequent nationality being Australian (248 of 540 [46%]), followed by Chinese (135 of 540 [25%]). Eighty-seven women (16.1%) reported no sexual contact. Seventy-nine (14.6%) reported no history of penile-vaginal sex but had engaged in noncoital sexual activity: 46 (58%) of these reported Fifty-four participants (10%) reported having had sexual contact with women: 43 (79.6%) of these had penile-vaginal sex with men; only 7 women had had sexual contact exclusively with women after all genital-sexual contact with men had been accounted for. One hundred and four women (19.3%) reported the use of a sex toy with a partner; 80 (77%) of these women were exclusively heterosexual. One hundred and seven women (19.8%) reported having had anal sex; 57 (53.3%) of these also reported a history of sex-toy use with a partner. Three-hundred forty-six participants provided information on the circumcision status of their most recent male partner; 86 men (24.8%) were circumcised. Oral contraceptives were currently used by 236 participants (43.7%), douching was relatively uncommon (16.9%), and cigarette smoking was rare (8.3%).
Microbiological and clinical characteristics of the study population. Five hundred twenty-eight vaginal smears (97.8%) were classified as satisfactory; 12 slides were excluded from analysis owing to breakage ( ) or inadequate material ( ); n p 9 n p 3 repeat smears for these 12 participants were not available. Twenty-five participants (4.7%) had a NS of 7-10 (BV), 54 (10.2%) had an NS of 4-6 (intermediate flora), and 449 (85%) had an NS of 0-3 (normal flora). Eleven (44%) of 25 women with a Nugent score of 7-10 reported an abnormal vaginal discharge, an abnormal vaginal odor, or both symptoms. Women with BV were significantly more likely than women without BV to report an abnormal vaginal odor ( ) or an ab-P p .002 normal vaginal discharge ( ) than were women with an P p .04 NS of 0-6.
Fifty-three slides (10%) were reread independently by a second microscopist, and concordance (р2 difference in NS and no change in Nugent category) was achieved for 92% of slides. A third microscopist reread 4 (8%) slides, and consensus for NS was reached.
BV prevalence in participants stratified by sexual practice. BV prevalence was stratified by sexual exposure (Table 2) ; 12 participants for whom the NS was not available were excluded from analysis. Among 83 women with no history of any sexual contact, the BV prevalence (NS, 7-10) was 0% (95% CI, 0.0%-4.3%). Among 78 women with no history of penile-vaginal sex but a history of noncoital sexual practices, there were 3 cases of BV (BV prevalence, 3.8%; 95% CI 0.8%-10.8%); the reported sexual practices of these women included digital-vulvovaginal contact ( ), ROS ( ), and sex toy use n p 3 n p 1 ( ), with male partners only. Among the 367 women who n p 1 reported penile-vaginal sex, BV prevalence was 6.0% (95% CI 3.8%-8.9%). BV was statistically significantly more common in women with any history of genital contact with a sexual partner than in women who reported no form of sexual contact ( ) . P p .02
Behavioral associations with BV (NS, 7-10) by univariate analysis. Characteristics of participants with a NS of 0-3 were compared with those with an NS of 7-10 by univariate analysis; women with intermediate flora (NS, 4-6) were excluded (Table  3) . BV was most strongly associated with 13 penile-vaginal sex partners in the last 12 months (COR, 8.3; 95% CI, 3.3-21.2). Other significant associations with BV included young age at coitarche (age at first vaginal sex, р16 years; COR, 2.8; 95% CI, 1.2-6.4), 13 ROS partners in the last 12 months (COR, 4.5; 95% CI: 1.2-17.1), having ever had anal sex (COR, 2.8; 95% CI, 1.2-6.5), having ever used a sex toy with a partner (COR, 2.9; 95% CI, 1.3-6.7), and self-belief of abnormal vaginal odor (COR, 3.5; 95% CI, 1.5-8.0).
Increased frequency of penile-vaginal sex or ROS was not associated with BV (penile-vaginal sex more than once per week [COR, 1.7; 95% CI 0.7-4.4], ROS more than once per week [COR, 1.6; 95% CI 0.5-5.1]). Report of sexual contact with another woman increased the risk of BV, but the increase was not statistically significant ( ). Use of the oral contracep-P p .1 tive pill, douching, having a circumcised partner, tampon use, and smoking were not significantly associated with BV in this study population.
Supplementary analyses were performed for comparison of behavioral associations between participants with BV (NS, 7-10) and without BV (NS, 0-6) and generated findings similar to those of our principal analysis (data not shown). Comparison of the behavioral characteristics of participants with nor- mal flora (NS, 0-3) and abnormal flora (NS, 4-10) identified no significant associations. Behavioral associations with BV (NS, 7-10) by multivariate analysis. Because there were 25 cases of BV in the study, multivariate analysis was limited. The variables most strongly associated with BV were entered into the model simultaneously. Variables found to be highly correlated with each other were excluded. The variables entered into the model were as follows: number of penile-vaginal sex partners in the previous 12 months, age at first vaginal sex р16 years, and use of a sex toy with a partner (Table 4) . Number of ROS partners and penilevaginal sex partners in the previous 12 months demonstrated a strong collinear relationship, and use of a sex toy with a partner and history of anal sex were also strongly correlated. In the adjusted analysis, 13 penile-vaginal sex partners in the last 12 months was significantly associated with an increased odds of BV (AOR, 7.1; 95% CI 2.7-18.4); although not statistically significant, there was some evidence that age at first sexual encounter and sex toy use were also associated with increased odds of BV.
An alternative approach to explore the behavioral associations with BV was also undertaken in which all variables in the univariate analysis were adjusted for number of penile-vaginal sex partners in the previous 12 months, the variable most strongly associated with BV by univariate analysis. Using this approach, receptive oral sexual practices were not associated with BV ( AOR for number of ROS partners in the previous 12 months, 0.9; 95% CI, 0.2-4.4), and other positive associations in the univariate analysis became nonsignificant or showed a trend toward a positive association with BV ("first vaginal sex aged р16 years" [AOR, 2.3; 95% CI, 0.9-5.4] and "ever had anal sex" [AOR, 2.2; 95% CI 0.9-5.3]). Sex-toy use with a partner, however, remained significantly associated with BV (AOR, 2.6; 95% CI, 1.1-6.1). No nonsignificant associations in the univariate analysis became statistically significant using this approach, and importantly , frequency of ROS and penilevaginal sex were not associated with BV (penile-vaginal sex more than once per week [AOR, 2.3; 95% CI, 0.8-6.1] and ROS more than once per week [AOR, 2.0; 95% CI, 0.6-6.6]).
DISCUSSION
An important finding of this study is that no cases of BV were detected in women without a history of sexual experience, once noncoital sexual practices were taken into consideration. To our knowledge, this is the first study of BV to account for noncoital sexual practices in young women who had not engaged in penile-vaginal sex. Although we confirm a strong consistent association between BV and penile-vaginal sex with multiple partners, we found BV to be absent in genuinely sexually inexperienced women.
Two widely cited studies have identified BV in "virginal" women, and these studies have contributed to the belief among clinicians and researchers that BV could therefore not be an STI [13, 14] . One study was conducted involving female American military recruits, and the other was conducted in a North American gynecology clinic, where participants were the classmates of the daughters of gynecology staff. Importantly, both studies were conducted in environments that may have deterred participants from reporting accurate sexual histories. Second, the studies did not collect detailed information on sexual practices beyond the presence or absence of penile-vaginal sex. In our study, the classification of sexual exposure incorporated a broad range of noncoital sexual practices, including penilevulval exposure, oral-vulvovaginal exposure, and digital-vulvovaginal contact, behaviors that have been associated with transmission of known STDs, such as HPV and HSV, in other cohorts of sexually inexperienced women [15] [16] [17] . We identified 3 women with BV who would have been classified as virgins in the previous studies, because they had only engaged in noncoital sexual practices. Importantly, there were 83 women in our study with no history of any genital-sexual contact, and BV was not detected in this group (0%; 95% CI, 0%-4.3%). The epidemiological findings of our study are consistent with data from a recent metaanalysis of sexual risk factors and BV [4] , which found that increasing numbers of unprotected sexual encounters increased the risk of having BV. Having 13 penilevaginal sexual partners in the prior 12 months was strongly associated with BV (AOR, 7.1; 95% CI, 2.7-18.4), and the strength of this association is in keeping with those reported for multiple sexual partners and established STIs [17, [24] [25] [26] [27] [28] .
Some studies have reported an association between BV and practices such as ROS, anal sex, and sex toy use [5, 29, 30] ; however, these findings have not been consistent, and it is difficult to separate the contribution of a specific sexual practice within sexually active individuals. Our study was not designed to examine the association between BV and specific sexual practices; however, there were suggestions during analysis that practices such as anal sex, sex toy use, and ROS may contribute to the development of BV. The reported practice of anal sex was not uncommon in our cohort (19.8%) and was associated with BV by univariate analysis. Some researchers have hypothesized that the perineal transfer of anaerobes may be implicated in BV pathogenesis [29, 31] . In our study, women who practiced anal sex were also highly sexually active, with greater numbers of penile-vaginal sex partners ( ) and greater use of sex P p .001 toys (
). Importantly, anal sex did not remain associated P ! .001 with BV after adjustment for number of vaginal sex partners. Sex toy use, however, did remain associated with BV after adjustment for vaginal sex partners. Although the association was not strong, studies in women who have sex with women (WSW) have found that use of unprotected sex toys increases a woman's risk of BV, which suggests that exchange of vaginal secretions via toys could play a role in the development of BV [5] . Schwebke et al [30] found an association between ROS and unstable vaginal flora. ROS was associated with BV in our population but again did not remain so after adjustment for penile-vaginal sex partners. It is unclear whether the apparent associations (such as that observed between sex-toy use and BV) indicate transmission of an infectious agent from a specific site or fomite, or-given the interrelatedness of these sexual practices-whether they are instead just a marker of a highly sexually active individual who is more likely to encounter disease. Only further study of young women just prior to coitarche is likely to be able to investigate the contribution of specific noncoital practices to BV.
Other factors implicated in BV pathogenesis in previous studies include the use of the contraceptive pill [32] , frequency of sexual intercourse [6] , douching [33] , smoking [29] , circumcision status of male partner [29, 34] , and female-female sexual contact [2, 4, 5, [35] [36] [37] . In our study, these variables did not significantly affect BV risk, but there were relatively small numbers of smokers and WSW in our population.
This study has a number of limitations. Women may have been reluctant to disclose sexual practices; previous research indicates young women tend to underreport sexual behaviors [38] . Nonconsenting practices were also not specifically elicited and therefore may not have been reported. However, the behavioral data obtained by FUSS are similar to those reported in the national Australian sex survey for this age group, except that our participants were more likely to report potentially stigmatized practices, such as anal sex and sex toy use [39, 40] . Our study employed self-completed coded paper or online questionnaires, in contrast to the national survey, which used phone interview. This may indicate that our participants felt less inhibited in reporting sexual activities, and as such, favored less underreporting of sexual practices. Another important limitation of our study is the potential for lack of generalizability of findings. When considering our study population, we deliberately selected a university cohort among whom computer literacy would be high (so that participants would be able to self-complete detailed online questionnaires) and among whom a broad spectrum of sexual experience at 17-21 years of age would be likely, including some participants who were still sexually inexperienced. One advantage that resulted from this approach was the high rate of questionnaire completion (92%); therefore, missing data were unlikely to bias results. Potential weaknesses are that these findings may not apply to other populations and that the BV prevalence in this group of women was low. Misclassification of slides is not likely to have contributed to any underestimate of BV prevalence in this population, because 10% of slides were audited by an independent microscopist, 92% concordance was obtained, and consensus was reached between 3 microscopists on the remaining slides. The number of cases of BV were within the proportion anticipated during the sample size and power calculations that preceded the study, and BV cases were confirmed during clinical consultation. This study was not intended to examine the potential association between BV and each specific noncoital sexual practice in women who had not engaged in penile-vaginal sex.
CONCLUSION
Progress in establishing whether BV is sexually transmitted is impeded by the absence of a known microbiological etiology. Our study shows a strong association between BV and penilevaginal sex with multiple partners but found no BV in sexually inexperienced women once noncoital practices were accounted for. Our findings indicate that BV is not present in truly sexually inexperienced women, and our study contributes to the mounting body of evidence that the epidemiology of BV is similar to that of an STI.
